Metformin prevents an adaptive increase in GSH and induces apoptosis under the conditions of GSH deficiency in H4IIE cells.
The antidiabetic effect of metformin is mediated by activation of AMP-activated kinase (AMPK). This study investigated whether metformin at a high pharmacologic concentration alters the levels of cellular GSH in H4IIE hepatocytes and if so, whether the agent affects cell viability under GSH-deficient conditions. Treatment of cells with either metformin or 5-aminoimidazole-4-carboxamide riboside (AICAR) increased dichlorofluorescein oxidation, as did tert-butylhydroxyquinone (t-BHQ). Metformin or AICAR treatment blocked a rebound increase in GSH produced by t-BHQ and decreased GSH content below that of control. Exposure of cells to metformin or metformin + t-BHQ for 24 hr did not produce cell death. However, metformin treatment in combination with t-BHQ for a prolonged period of time (48 hr) at the concentrations, at which each agent was non-toxic, produced apoptosis. Treatment of AICAR with t-BHQ resulted in similar effects. Induction of apoptosis by the combination treatment was evidenced by changes in mitochondrial cytochrome c content, BCl(xl) expression, poly(ADP-ribose)polymerase (PARP) cleavage and caspase-3 activation. Compound C, an AMPK inhibitor, reversed apoptosis and changes in the apoptotic markers, suggesting a role of AMPK activation by metformin in the apoptotic process. Similarly, metformin treatment, when combined with buthionine sulfoximine or doxorubicin, induced apoptosis. Our data indicated that metformin prevents an adaptive increase in cellular GSH in H4IIE cells, and therefore induces apoptosis under the conditions of GSH deficiency.